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ABSTRACT

Male and female Anolis oculatus and Ameiva fuscata from Dominica,
West Indies appear to be reproductively active throughout the year.
One-half of the Anolis oculatus males are mature at about 37 mm; onehalf of the females are mature at 43 mm. Females exhibit alternate
unilateral ovulation and lay one egg.
One-half of Ameiva fuscata males are mature at 95 mm, females at
111 mm. Females lay about four eggs per clutch, the number of eggs
tending to increase with body length.
Female Mabuya mabouya, a viviparous scincid from Dominica, give
birth to an average of three young per brood.

vii

REPRODUCTION IN THREE SPECIES OF LIZARDS
FROM DOMINICA, WEST INDIES

CHAPTER I

INTRODUCTION

The evolution of reproductive strategies in tropical lizards is
noteworthy in the comparative evolution of vertebrate reproductive
systems.

The relative constancy of some environmental factors, such

as photoperiod and temperature, eliminates many stimuli utilized for
the rhythmic cycles exhibited by temperate species.

Even with rela-

tively stable environmental conditions, there is a range of responses
by tropical species.

Some show continuous reproduction (Church, 1962;

Inger and Greenberg, 1966), whereas others have seasonal reproduction
related to variations in one or more factors such as rainfall (Rand,
1968).
Although the necessary data from life history studies is inade
quate, Tinkle (1969) and Tinkle, Wilbur and Tilley (1970) have formulated
a general hypothesis for the evolution of reproduction in lizards.

Using

criteria concerning natural selection from Williams (1966a, 1966b),
Tinkle projects that tropical lizards, when compared to temperate species
should have (1) a shorter life expectancy, (2) an earlier sexual maturity
and (3) multiple clutches in a breeding season.
It is the purpose of this research to provide reproductive data
on two tropical lizards in order to further elucidate the ecology of
these species, and to test Tinklefs hypotheses where feasible.

The

two species studied in detail are Anolis oculatus, an iguanid, and
and Ameiva fuscata, a teiid, both endemic to Dominica.
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Also included in this study is reproductive data on an additional
species, Mabuya mabouya, a viviparous scincid found on Dominica, other
Caribbean islands, and South America.
The climate and flora of Dominica are described in detail by
Hodge (1954).

A description of the habitat of Anolis, Ameiva„ and

Mabuya can be found in Brooks (1968).

CHAPTER II

METHODS A N D 'MATERIALS

The study animals were collected from December, 1965, through
September, 1966, and again in December, 1966, from numerous locations
on Dominica.

A total of 973 Anolis oculatus, 355 Ameiva fuscata, and

34 Mabuya mabouya were examined.

Specimens were preserved in 10% for

malin shortly after capture and transferred for storage to 33% isopropyl
alcohol.
The snout-vent length (SVL) of all animals was recorded to the
nearest millimeter.

Vernier calipers were used to measure Anolis and

Mabuya; a millimeter ruler was used on the. larger Ameiva.
For each male the major axis of the left elliptical testis was
recorded to the nearest 0.1 mm with an ocular micrometer.

A smear of

tissue from the left testis was stained with acetocarmine and micro
scopically examined for the presence of sperm.
For each female the number of unyolked follicles, yolked follicles,
and oviducal eggs was recorded.

The yolked follicles were distinguish

able by their bright yellow color.

In addition, the length and width

of yolked follicles and oviducal eggs were measured to the nearest 0.1 mm
with an ocular micrometer, or vernier calipers if over 10.0 mm long.
Averages, where cited, are accompanied by 95% confidence intervals
according to Steel and Torrie (1960).
sexual, maturity follows Finney (1947).
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The probit analysis of size at
Tocher’s modification of the
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the Fisher Exact Probability Test (Siegel, 1956) was used in comparing
the percentage of females with oviducal eggs in different months for
both Anolis oculatus and Ameiva fuscata.

CHAPTER III

RESULTS

The numbers of examined specimens are listed according to sex and
month of capture in Table 1.
Size at Sexual Maturity
The maturity classes and appropriate snout-vent lengths of the
three species are listed in Table 2.
nized:

juvenile, immature, and adult.

Three age classes were recog
Lizards which could not be

distinguished as male or female were considered juveniles.

Immatures

were those having gonads distinguishable as male or female, but none
with sperm or with yolked follicles or oviducal eggs.

The snout-vent

length of the smallest specimen with sperm or with yolked follicles
or oviducal eggs was used as the minimum adult length.
It was occasionally possible to sex male Anolis under 30 mm due
to a moderate development of the epididymis, even though the testes
were indistinguishable from the female ovary.

This method was not

reliable, however, and those specimens were still considered to be
juveniles.

The same situation has been observed in the New Zealand

skink Leiolopisma zelandi.ca (Barwick, 1959) .
Since the sample size of Mabuya was small, no attempt to discrim
inate between juveniles and immatures was made.

The minimum size of

adults was determined by the size of the smallest lizard in a repro
ductive state (Table 2).
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The minimum adult size does not imply that all specimens above
that length are mature.

Of the 28 Anolis males from 35 to 39 mm, 39%

had mature sperm; 50% of the 8 Ameiva from 94 to 99 mm were mature.
Of the 52 Anolis females from 40 to 44 mm, 42% had yolked follicles
and/or oviducal eggs; and 50% of the 6 Ameiva females from 105 to
109 mm were considered mature.

Therefore, only a percentage of the

small adults contribute to reproduction.
In light of this ambiguity, another approach to determining size
at maturity has been suggested.

If the per cent mature at a given

snout-vent length is plotted against the snout-vent length, the result
ant points form a sigmoid curve.

It is probable that as the sample

size is increased, the size of the smallest adult will decrease.

The

sigmoid curve can be transformed by probit analysis, plotting probit
against snout-vent length (Finney, 1947).

One may then read from the

point where 50% are mature, across to the plotted line and down to the
appropriate snout-vent length on the abscissa.

Thus one has the snout-

vent length at which 50% of the animals are mature.

This point should

reamin stable regardless of any. increase in sample size.

This method

has been used in indexing maturity in rats (David, 1949) and in fish
(Batts, personal communication).

The points determined by this method

are also listed in Table 2.
Sex Ratio
The sex ratio of collected specimens of adult Anolis is 584 males
290 females, almost exactly a 2:1 ratio.

Male anoles, however, are

larger than females (Table 3), a factor tending to bias collections
since the larger animals were easier to discern and capture.
tion, the females were more secretive, so that the males are

In addi

behaviorally more conspicuous.

An attempt at uniform, unbiased trapping

would be necessary to determine if this is-an artifact.
The sex ratio in Ameiva closely approximates 1:1 (134 males:108
females).

Again the males are larger than the females (Table 3).

Both

males and females are large enough

to detect easily, however, so that

the difference in size would not be

expected to bias sampling.

There were 19 males to 10 females among
size precludes any judgement of sex

the Mabuya.

The sample

ratio.

Breeding Season
Anolis oculatus
The percentage of females with yolked follicles and with oviducal
eggs for each month is given in Figure 1.

Figure 2 shows the mean

length of yolked follicles and oviducal eggs.
The presence of gravid females in each monthly sample indicates
that breeding occurs throughout the year.

In fact, for each month

sampled, over 40% had oviducal eggs and over 50% had yolked follicles
(Fig. 1).

If reproduction were cyclic, the per cent of the sample with

oviducal eggs should decrease sharply at the time of oviposition.

Al

though the per cent with oviducal eggs appears somewhat cyclic, the
high per cent of gravid specimens each -month, and the stability of
the length of yolked follicles and oviducal eggs throughout the year
repudiate a cyclic pattern of .reproduction (Fig. 2).

The number of

gravid females reaches a peak in May and is at a minimum in January
through March.

The May percentage of females with oviducal eggs is

significantly higher than that of April (a = 0.05).

The minimum occurs

during the dry season and the peak occurs in conjunction with the be
ginning of the rainy season when there is over ten inches of rainfall
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per m’
onth.
The percentage of males with sperm for each month is given in
Figure 3.

Figure 4 demonstrates the relationship of testis length to

snout-vent length.
Male Anolis also appear reproductively active the entire year,
since

over half of the adults sampled each month had mature sperm

(Fig.

3). The decline to 53% of males with sperm in December, 1966 is

unaccountable at present, since the previous December had a high per
cent (79%) of males with sperm as did all the other months.

Testis

length and snout-vent length are closely correlated by month, thus
suggesting that there is no cyclic enlargement and regression in
testis size.

Testis length increases proportionally with increase in

snout-vent length until the male is about 53 mm long, then levels off,
enlarging little- as the male grows longer (Fig. 4).
Ameiva fuscata
The percentage of females with yolked follicles and with oviducal
eggs for each month is given in Figure 5.

The average length of yolked

follicles and of oviducal eggs is given in Figure 6.
Oviducal eggs were present among monthly samples of adult females
from March through July and again in December (Fig. 5).

Since females

with yolked follicles were present every month, it appears that repro
duction is not seasonal.

This is further supported by the presence of

specimens with corpora lutea early in the year and by large oviducal
eggs in a December specimen even though there is a peak of gravid fe
males in April.

The April peak is not significant when compared to

March by a Fisher Exact Probability Test (Siegel, 1956).
Figure 7 indicates the relationship of testis length and snoutvent length.

Male Ameiva show no seasonal cycle, since over 80% of each
monthly sample possessed sperm (Fig. 3).

Since monthly variations in

testis length were not significant, there is no cyclic enlargement and
regression of the testes.

Testis length increases linearly as the

snout-vent length increases (Fig. 7).
Mabuya mabouya
Specimens of adult female Mabuya were available for February,
June, August, September, and December.
more yolked follicles.

All ten specimens had one or

Specimens containing embryos were present in

February, August, September and two December specimens had moderately
developed embryos.
Adult male specimens were available for January, February, March,
June, July, and December. ,Both of the specimens from February and two
of the three from December lacked mature sperm; sperm were preseivt in
all^others.

The small testicular size in the three sub-adult males

suggests that there must be rapid testicular growth in immatures.
Among the nineteen adults, however, testis length showed no increase
with increase in body size.
Clutch Size
Anolis oculatus
Although twenty-one females had two oviducal eggs, the usual
clutch size was one (x = 1.1 ± 0.0).

In only one instance were two

eggs observed in the same oviduct (WM-3645), and these were accordingly
the smallest eggs (6.7 and 7.1 mm).

Eggs ranged in length from 6.7

to 13.0 mm in length (x = 1 0 . 9 ± 0.1).

Excluding the two eggs of

specimen WM-3645, the smallest was 8.6 mm long.

Among the twenty-one

females with two eggs, there was no pattern according to season, location,

or

snout-vent length.

Yolked follicles (mean length 4.2 mm) were found

in

all except one of the females possessing two oviducal eggs.
Follicle number ranged from one to three with a mean of 1.2 ± 0.0.

The average length was 4.3 ± 0.2 mm (range of 0.9 to 8.9 mm).

Since

the largest yolked follicle was 8.9 mm long and the smallest egg (ex
cluding those from WM-3645) was 8.6 mm long, ovulation probably occurs
when the follicle is between 8 and 9 millimeters long.
As a rule there was an egg in one oviduct, a large yolked follicle
in

the opposite ovary, and occasionally a smaller yolked follicle on the

same side as the egg, indicating that ovulation occurs alternately from
each ovary.
In each monthly sample at least 30% of the adult females had both
oviducal eggs and yolked follicles.

Considering the total sample of

females, this, figure reached 50%.
Ameiva fuscata
Twelve adult females contained from three to seven eggs (x * 4.0
± 0.8).

The number of eggs in the right oviduct (5^ _ 2 .4) is signifi

cantly greater than the number of eggs in the left oviduct (x_ = 1.6)
at the a = 0.01 level when compared by a paired t-test (t^ = 5.007,
trp = 3.106).

One female contained three eggs in the right oviduct, one
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egg in the left, and two corpora lutea in each ovary, evidencing that
migration does occur.

There seems to be a positive correlation be

tween the number of eggs and snout-vent length (Fig. 8).

The average

length of an oviducal egg was 24.7 ± 0.8 mm (range of 19.0 to 31.9 mm).
The number of yolked follicles ranged from one to eleven with a
mean of 3.5 ± 0.4.

The follicle number of the right ovary was slightly,

but not significantly, more than that of the left (x^ = 1.9,

= 1.6).

Follicle length averaged 8.1 ± 0.5 mm with a range of 3.0 to 20.0 mm.
Only one specimen, captured in April, had both oviducal eggs and yolked
follicles.
Mabuya mabouya

<

From three to five embryos were found in gravid females (x = 3.3
± 0.7).

Of the seven gravid females, six had embryos in both oviducts.

Although moderately developed embryos from December measured from 14.0
to 15.0 mm from snout to tip of tail when stretched full length, the
average length of egg or embryo in the oviduct was 7.0 mm.

Two young

Mabuya, frozen shortly after birth in the laboratory, measure 29 mm
and 30 mm snout to vent.
The number of follicles per female ranged from one to seven with
a mean of 3.3 ± 1.1.

A yolked follicle was 1.2 ± 0.1 mm long on the

average (range of 0.7 to 2.0 mm). (
Unusual Specimens
An anole with two eggs in one oviduct has-been previously
mentioned.
oviduct.

The eggs were small and rested close together high in the
They were not yet shelled and it would be interesting to

know if they would have been shelled as two eggs or as one doubleyolked egg.
A second unusual specimen was an Anolis caught at the time of
ovulation.

The follicle was still attached to the ovary but halfway

enveloped by the anterior end of the oviduct.

The egg was 10.8 mm long,

unaccountably larger than the predicted size at ovulation (8 to 9 mm).
A third Anolis had a unique condition.

On the right side of the

female a large egg (11.7 mm) was wedged under the liver and blocked from
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the oviduct by a large yolked follicle in the right ovary.

The egg

had obviously been in the oviduct, since it was completely shelled,
yet there was no tear visible in either oviduct.

How the egg was pushed

out of the oviduct and what would have been its fate are not known.
®ne Ameiva female had an anomalous yolked follicle which
enveloped three other large yolked follicles as well as well as several
unyolked follicles.
A general condition occurred among the Ameiva which may be brought
up at this point.

In addition to the lateral fat bodies, small inter

stitial fat bodies were dispersed throughout the ovary.

Unfortunately,

records were not kept to indicate a pattern of distribution according
to season, snout-vent length, or reproductive condition.

CHAPTER IV

DISCUSSION

Tinkle has hypothesized that tropical lizards when compared with
temperate lizards will have (1) a shorter life expectancy, (2) an
earlier sexual maturity, and (3) multiple clutches in a breeding
season.

Although no conclusions can be made on life expectancy from

the data

gathered in this study, some determinations can be made con

cerning the last two hypotheses.
On

the question of early sexual maturity, some conclusions can be

formulated.

Anolis carolinensis

hatches at about 23 mm snout-vent

length, approximately the size of A. oculatus hatchlings, and matures
at 45 mm SVL (Gordon, 1956).

Hatchlings attain this size by the winter

after they hatch, but since the breeding season is over, they are
prevented from breeding until the following April at an age of about
one year (Hamlett, 1952; Dessauer, 1955).
at 35 mm SVL, females at 40 mm.

A. oculatus males mature

Assuming the growth rate to be similar

to A. carolinensis „ this size could be attained in two or three months.
This estimate is conservative since one would expect the growth rate of
A. oculatus to be somewhat faster, due to the stability of a favorable
climate with no onset of a colder season.

Since there is no winter

period to prevent it from entering the breeding pool, the young A.
oculatus enters at an age of two or three months as opposed to the
minimum age of nine months for A. carolinensis.
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There is evidence that
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A* carolinensis males must attain a length of 60 mm to be successful
breeders, even though they are physiologically ready prior to that size
(Fox and Dessauer, 1958).

If the same situation is true of A. oculatus,

the difference in age at maturity would be exaggerated.
Since the only Ameiva species studied previously (Hirth, 1963;
Smith, 1968) are much smaller than Ameiva fuscata, and tropical as well,
comparison of size at maturity is not feasible.
Tinkle*s.third hypothesis concerns multiple clutches in a breeding
season.

This study shows that Anolis oculatus and Ameiva fuscata do not

exhibit a restricted breeding season, but probably both lay more than
one clutch during a year.

The preponderance of large yolked follicles

just prior to ovulation in females with an oviducal egg, suggests that
A. oculatus has a short period between clutches as found in A. carolinensis (Hamlett, 1952).

Smith (1968) has estimated that Ameiva quadrilineata

and Ameiva festiva have two to three clutches per- year and it is probable
that a like number is produced by A. fuscata.
Reproductive data for comparison with Anolis oculatus is available
for only three other species of Anolis.
are seasonal breeders.

Two, which are tropical species,

A. lucius from Cuba was considered a seasonal

breeder by Hardy (1957), but the conclusion was tentative at best and
needs verification.

A. limifrons from Panama exhibits a seasonal breeding

cycle which correlates with the rainy season (Sexton, Heatwole, and
Meseth, 1963).

A. oculatus, although breeding throughout the year,

is similar, in that the peak breeding period occurs at the beginning
of the rainy season.

The sex ratio of A. limifrons was 1:1, pointing

out the need for further investigation of the 2 males : 1 female ratio
seen in the A. oculatus sampled in this investigation.

Several related studies have been done on the temperate to sub
tropical Anolis carolinensis.

Increasing day length may trigger gonadal

activity in this species which breeds from April to August (Fox, 1958;
Gordon, 1956).

Hamlett (1952) has estimated that a female lays one egg

every two weeks during the breeding season.

Evidence has been presented

for alternate unilateral ovulation (Hamlett, 1952; Gordon, 1956).

Since

day length is less variable in the tropics, it is unlikely that this is
a factor affecting A. oculatus.

Rainfall does seem to be a stimulatory

factor, as evidenced by the occurrence of the peak number of gravid
females at the beginning of the rainy season.

Data from this investi

gation indicate that A. oculatus also shows alternate unilateral ovu
lation as found in A. carolinensis.
Two tropical species of Ameiva have been investigated.

Although

Hirth (1963) found no conclusive data on the longevity of the annual
reproductive season in his population study of A. guadrilineata at Tortuguero, Costa Rica, he noted that juveniles are found on the beach
regardless of month, implying that year round breeding does occur.
Smith (1968) concluded in his investigation of the reproduction of
A. guadrilineata and A. festiva at Pandora, Costa Rica, that there was
no seasonal variation in reproduction since every mature female collected
contained either yolked follicles or oviducal eggs and/or corpora lutea.
In A. fuscata, however, every female did not contain yolked follicles
or oviducal eggs.

For example, 50% of the adult females from August

contained neither.
are not certain.

The reasons for so many inactive adult females
One obvious possibility is that sampling could have

been biased, since only 12 out of 108 adult females from the entire
year possessed eggs.

Perhaps females with eggs are less conspicuous,

coming out to bask and feed less often.

An additional possibility is

that each individual female has a relatively long ovarian cycle with
oviposition followed by an inactive period of rest before beginning
again.

This cycle of reproduction is individual and not to be confused

with a seasonal cycle for the species.

While Ameiva fuscata appears to

have a slow, discrete ovarian cycle, Anolis oculatus has an overlapping
phase.

In A. oculatus, as one ovary is ending its cycle, the opposite

ovary has already begun.

Thus it is not surprising that fewer A. oculatus

adult females are inactive than Ameiva adult females.
Although Smith (1968) found a high degree of migration of eggs
from one ovary to the contralateral oviduct, migration was not prefer
ential, since there was no significant difference in the follicle number
of the left and right ovaries or in the oviducal egg number of the left
and right oviducts.

Since migration of eggs was apparent in only one

specimen of A., fuscata, no generalizations on its frequency or direction
can be made.

Fat bodies found in both species showed no seasonal vari

ation among males, but were apparently related to the ovarian condition
of the female in A., quadrilineata and A. festiva (Smith, 1968).

Large

fat bodies were found in A. fuscata, but no records were kept on their
occurrence since some had been removed In an earlier study.
The only species of Mabuya previously studies is M. multifasciata
from the Phillipines which breeds the year round (Alcala, 1966).

Fe

males mature in one year and give birth to approximately five young
every three to twelve months.

The gestation period is 1.5 to 3.0 months.

Although viviparity is found in several families, Mabuya mabouya
belongs to the only lacertilian family in which placentation is known
to occur (Weekes, 1935).

Since the'yolked’follicle

is so small (2.0 mm

or less), and the newborn lizard measures 29 or 30 mm SVL, there must be
some nourishment transferred from the mother to the embryo.

Weekes

(op. cit.) states that in every lizard with reduced yolk content he
examined, the most specialized type of placentation occurred with an
elliptical area of glandular, folded, well-vascularized tissue function
ing as a site of nutritive exchange.

Mabuya' multifasciata, on the other

hand, has the simplest type of placenta, the function of which is res
piration.

Hence comparisons of the two species with respect to gestation

and brood number may be limited.
In conclusion, it appears that both Anolis oculatus and Ameiva
fuscata reproduce throughout the year.
mature sperm at about 35 mm SVL.

Anolis oculatus males possess

Anolis females mature at about 40 mm

SVL, exhibit alternate unilateral ovulation, and lay one egg at a
-time.
off.

Testis length increases with snout-vent length, and then levels
Mature males possess sperm the year around.
Ameiva fuscata males mature at 94 mm, females at 105 mm.

Mature

females lay about four eggs per clutch, the number of eggs tending to
increase with body length.

Testis length increases proportional to

snout-vent length, and sperm are present in adult males the entire
year.
Mabuya mabouya females are mature by the time they reach 65 mm
SVL, and give birth to about three young per clutch.
reaching a snout-vent length of 72 mm.

Males mature before

Testis size increases before

maturity and then levels off.
In addition, Tinkle's hypotheses on size at maturity and number
of clutches were found to be true certainly of Anolis oculatus and
probably also of Ameiva fuscata.
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Anolis oculatus.
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FIGURE 3

Percentage of adult males sampled each month with sperm.
size is indicated below the point.
October and November.

Sample

No samples were available for

IN 3 D If 3d
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FIGURE 4

Relationship of length of left testis to snout-vent length of Anolis
oculatus.

Each point is the average testis length for the three

millimeter snout-vent length class interval.
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Sample size is
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FIGURE 6
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FIGURE 7

Relationship of length of lest testis to snout-vent length for
Ameiva fuscata.

Each point is the average testis length for a

five millimeter snout-vent length class interval.

The equation

of the line is Y = 0.06X - 2.04 mm, where Y = testis length and
X — snout-vent length.
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27

Number

of specimens

examined

according

to species, month

of capture, and sex
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Snout-vent

length

ranges

of juveniles, ixniriatures, and adults.

TABLE 3

Average snout-vent lengths of adult specimens with 95%
confidence intervals.

n

x ± t ACs .05 x

Range

male

584

58.5 ± 0.9 mm

35 to 83 mm

female

290

49.9 ± 0.6 mm

40 to 63 mm

male

134

156.3 ± 5.5 mm

94 to 212 mm

female

108

127.9 ± 2.4 mm

105 to 150 mm

Anolis oculatus

Ameiva fuscata

Mabuya mabouya
male

19

82.2 ± 2.2. mm

72 to 89 mm

female

10

85.5 ± 6.1 mm

65 to 95 mm
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